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a. Zapałowska, U. Bashutska. The use of agricultural waste for the renewable energy production Introduction. The main reason for the renewable energy development is the environment, especially in relation to global climate change and the need to improve security and diversity of energy supply. The method of waste management is to use them in methane fermentation processes, as a result of which methanerich biogas, used for energy production, is created. This solution increases the ability of Poland to meet the National Indicative Targets and the provisions of the Climate and Energy Package (15 % of energy from renewable sources by 2020). Due to the exhausting resources of fossil fuels, including natural gas resources, the priority of the European Union is the rational use of natural resources and ensuring sustainable waste management. It should also be emphasized that the control of fermentation processes and the subsequent use of the resulting biogas reduces the emission of methane into the atmosphere. The biogas production has positive impact on the environment since less CO 2 is formed during combustion than it is used for photosynthesis by plants from which it is produced. Biomass is the most profitable source of renewable energy in Poland and Ukraine, it has many advantages due to the environmental and economic aspect (Melnyk, shkarupa & Kharchenko, 2013) . Benefits resulting from the combustion and co-combustion of biomass with coal result from a significant reduction of greenhouse gas emissions, in terms of carbon dioxide emissions, biomass is the so-called «neutral» fuel. Biogas is a renewable fuel produced by anaerobic fermentation of organic material. The value of a substrate in the biogas process depends on its potential as a high yield plant species and on the quality of the biogas produced such as the achievable methane content. It usually has 50-70 % CH 4 , 25-50 % CO 2 , 1-5 % H 2 , 03-3 % N 2 and traces of H 2 s (Bedoya, Arrieta & Cadavid, 2009) . Methane is the only combustible constituent of biogas, which is utilized in different forms of energy. Biogas can be used for heating, lighting, transportation, small-scale power generation, and large gas turbines as a complementary fuel (e.g. natural gas) (Bedoya еt al., 2009) . Nowadays the most commonly used substrate for methane fermentation process is maize silage (Dach, Zbytek, Pilarski & Adamski, 2014) . However, due to the conflict «energy vs. food», the risks arising from the crops monoculture and growing prices of this substrate, the alternative sources of biomass are increasingly looked for (White, Latta, Alig, skog & Adams, 2013) . Therefore, an alternative is the use for energy purposes the waste materials from food industry and agriculture or farming at the areas unsuitable for human consumption. Biogas produced in a fermentation tank can be converted into energy or purified to the form of biomethane and sent to a gas distribution grid. Biogas can be used to produce:
-electrical power -in spark ignition engine or turbines,
-heat -in gas boilers, -electrical power and heat -in cogeneration aggregates used for combined production of electrical power and heat, which is the most common method (and virtually the sole method) of using biogas for energy purposes in Poland (Golusin, Ostojic, Latinovic, Jandric & Ivanovich, 2012 , Zapałowska & Bashutska, 2017 .
Agricultural biogas plants in Poland most often operate near large livestock farms, using as their substrate the otherwise noxious waste of slurry and manure. Biogas production is a far better alternative to the commonly used method of waste utilization (than directly sprayed onto the fields). The process of biogas generation results in sanitation, which prevents a risk of ground water contamination. Moreover, electrical power and heat is produced whilst the post-fermentation residue is used as a fertilizer (Angelidaki & Ellegaard, 2003 , Dach et al., 2009 ). The main waste generated by agriculture are natural fertilizers such as manure, urine and manure from pig farms and cattle. The possibility of their agricultural use are limited by periods of fertilization and the requirement is not exceeded the limit dose. Fruit and vegetable waste generated mainly such as bagasse, primarily grapes, apples, carrots, potato pulp, and beet pulp (Tarko, Duda-Chodak & Bebak, 2012 , Misiura, 2013 , Kuczyńska, Nogaj & Pomykała, 2011 .
Agricultural waste used in biogas installations. Due to the need of intensification of energy generation from renewable sources, as well as the need for dissemination of the methods to reduce the emission of greenfouse gases into the atmosphere, increasing importance begins to play production and use agricultural biogas.
The agricultural raw materials used for the production of renewable energy may be waste products of this production, such as straw or animal droppings. Agricultural biomass is a relatively broad category of biomass that includes the food based portion (oil and simple carbohydrates) of crops (such as corn, beets) and the nonfood based portion of crops (such as the leaves, stalks, and cobs of corn stover), perennial grasses and animal waste (Chandra, Takeuchi & Hasegawa, 2012) . In accordance to the national agricultural policy conducted by the Polish Ministry of Agriculture and Rural Development, emphasis is placed on the use for energy purposes of by-products from agriculture, by-products and waste from the food industry, liquid and solid animal manure as well as energy plants themselves. In case of by-products from agriculture, the use of straw for energy purposes is of particular importance. The use of its surpluses avoids burning it in the fields (Tab. 1, 2).
For the production of biogas it can be used corn stalks, undeveloped cereal crops, decaying hay, contaminated grain, spoiled harvest of root crops, beet leaves, care waste (weeds), disqualified and undeveloped crops in orchards and fruit plantations, leaves of fruit trees and shrubs, branches, fruit fall, broken fruit harvests and spoiled vegetables. As it can be seen from table 2, maze silage, rye, grass silage, brewers grains, pomace and mown grass can provide a large amount of biogas while the highest methane amount can be provided from grain and potato decoction, pomace, and gastric contents. The selection for production must be economically justified. Reliability and continuity of supplies as well as seasonality of work should be taken into account. Method. The analysis was to determine the method of using agricultural waste for energy purposes. It raises the concerns in aspect of processing agricultural waste in biogas installations, where biogas is used for electricity and heat production. The work assumes that agricultural waste is a valuable resource in the production of renewable energy. The research analysis was based on documentation provided by biogas plants in Gorajec and Odrzechowa, as well as on information provided by the Cieszanów and Zarszyn Municipal Offices. A computational analysis was performed to estimate the energy and economic efficiency of biogas plant. The type and weight of substrates to be used in the methane fermentation process were determined. The volume of biogas and methane produced was calculated. The amount of energy produced and the power of the installation was determined.
Results and discussion. The biogas plant in Odrzechowa is located in the administrative district of a. Zapałowska, U. Bashutska. The use of agricultural waste for the renewable energy production Gmina Zarszyn, within sanok County, subcarpathian Voivodeship, in south-east Poland ( fig. 1) . Zarszyn commune is an agricultural area, agricultural areas occupy a total of over 6 500 ha and constitute 63 % of the total area of commune. In the commune of Zarszyn there are several modern farms that are oriented towards market production. The largest is the Zootechnical Experimental station of the Institute of Livestock Production in Odrzechowa.
In the Odrzechowa biogas plant, the fermentation process is carried out three times a day, each time 20 tonnes of substrate is added to the fermentation chambers. During the year about 26000-27000 t of substrate are consumed, of which about 50 % is slurry and manure. The produced biogas contains about 50-60 % of methane. The farm uses 17 % of energy produced, and 83 % is sold to PGE, the rate is PLN 0,18 / 1kW.
The construction of the Gorajec biogas plant was completed in 2015. The investment is located in Gorajec, Cieszanоw commune, in the Lubaczоw agricultural district, near the border of the Podkarpackie and Lubelskie voivodships ( fig. 2 ). In the biogas plant, biogas is produced as a result of anaerobic digestion of organic substrates of agricultural origin. The produced biogas is used to produce electricity and heat. New technologies and emerging solutions ensure high efficiency of biogas installations, providing excellent conditions for creating a local energy system. Distributed energy sources guarantee the local energy supply for the region. In the vicinity of the power plant there are agricultural lands, mainly intended for maize cultivation. This is a potential for obtaining feedstock for biogas production and for breaking down the digestate. Electric power -0,999 MWe, thermal power -1,110 MWt, electric power production -8,348 MWh, thermal power production -8,357 MWhth (30085 GJ).
The biogas plant in Gorajec uses 31000 t of substrates throughout the year (Tab. 3). A digestate is used as a fertilizer. In agricultural biogas plants, usually 2-3 substrates are used, mostly slurry and maize silage. Table 4 shows the efficiency of substrates an its processing into biogas and methane. For calculating the amout of energy and power of installation, the biogas plant operating time is assumed to be 8000 hours (approximate 30 days are at service work). Based on table 4 with the results of biogas and methan volumes for individual substrates, the potential for energy supply by a small biogas plant (250 kW) fed with agricultural waste can be calculated. The power of this biogas plant is 2000000 kWh of energy. If divided this number by 2500 kWh, which corresponds to the annual energy consumption of 4-person households, it can be calculated that the biogas plant can meet the needs of 800 such farms. By multiplying 800 and 4 (the number of people in the household taken into exemplary calculations) it gets 3200 people. Taking into account the 0,5 kW biogas plant, all sizes will be twice as large, in the case of biogas plants with a capacity of 1 kW -4 times higher. Biogas plant in Gorajec is able to supply 12800 people, while 7 342 people live in the Cieszanоw commune (www1).
Conclusions. The conventional energy sources such as oil, hard coal, lignite or natural gas can be exhausted in a short time. They are gradually replaced with energy resources from wind, water, solar radiation, energy of the Earth's interior and biomass. According to nowadays study, biogas production is a process with huge potential. The biogas sector has never before aroused as much attention as it does today. To provide raw materials for biofuel production it is important to use by-products of agricultural origin, mainly those that constitute cumbersome and undeveloped waste, which reduces their quantity. Most often, as in the case of the agricultural biogas plant in Odrzechowa and Gorajec, biogas is used in cogeneration aggregates, it is the combined production of electricity and heat.
Providing a renewable energy development today is an important issue to ensure environmental safety and sustainable development of society. The Energy strategy of Ukraine for the period until 2035 provides the change of energy consuming structure by reducing the consumption of imported natural gas and diversification of its supplies. The biogas sector is still developing and has a huge potential. The production of biogas has become an attractive source of extra income for many farmers. Besides, biogas production has a useful effect not only on economic, but ecological development, particularly in the rural regions. At the same time, environmental protection aspects have gained additional importance, so that anaerobic treatment processes have become a key technology for environmental and climate protection.
